The incidence of complications after liver resection is closely related to functional future liver remnant (FLR). The standard approach to augment FLR is surgical or radiological occlusion of the artery or portal vein on the tumor side. Associated liver partition and portal vein ligation for staged hepatectomy (ALLPS) has been introduced as an alternative method to augment FLR. It offers rapid and effective hypertrophy for resecting liver metastases. However, data regarding its application in patients with hepatocellular carcinoma (HCC) with a background of chronic liver disease are limited. Here we describe the use of ALPPS procedure to manage a large solitary HCC with a background of chronic liver disease. The rising incidence of HCC has increased the number of surgical resections in patients with advanced stage liver disease not considered for liver transplantation. We reviewed reported experience of ALPPS in established chronic liver disease and current therapeutic modalities for HCC on a background of chronic liver disease in patients with potential liver insufficiency where tumor burden is beyond liver transplant criteria. 
INTRODUCTION
Despite advances in loco-regional therapies, surgical resection remains the gold standard treatment for managing primary and secondary liver tumors. 1 The extent of liver resection is determined by tumor size and the position and function of future liver remnant (FLR) which in turn is related to liver quality, residual volume size, and the severity of underlying portal hypertension.
To avoid complications from hepatectomy, a variety of treatment modalities have been used to augment FLR prior to surgery, including transcatheter arterial chemoembolization (TACE) or embolization to devascularise tumors and reduce the extent of resection. 1 Segmental atrophy of the segment to be resected and compensatory hypertrophy of future liver remnant can help lessen the impact of surgery. Portal vein embolization (PVE) in cirrhosis offers limited regenerative recovery compared to patients without liver disease. 2 The resulting compensatory increase in arterial flow may facilitate tumor progression. [2] [3] [4] Radiofrequency (RFA)/microwave ablation is limited to tumors ＜5 cm in size with ideal diameter of ＜4 cm. When tumor burden is beyond the accepted criteria for liver transplantation 5 and when radiological intervention fails or is contraindicated, resection for hepatocellular carcinoma (HCC) represents the only curative treatment option.
Associated liver partition and portal vein ligation for staged hepatectomy (ALPPS) is a recent modification of the two-stage hepatectomy approach that allows for resecting liver tumors in two steps. 6 In addition to ligating the portal vein inflow to the tumor-involved segments, ALPPS also disrupts the collateral communication between the two liver parts, thus allowing for more rapid hypertrophy of the remnant liver. 6, 7 Only a single case of ALPPS procedure for HCC on a background of liver cirrhosis has been reported in the literature. 8 Here, we present a case of ALPPS for a large HCC on a background of chronic liver disease. In addition, we reviewed the literature of managing HCC with borderline FLR. A second TACE was performed 3 months later. CT
showed a partial response with tumor progression on the periphery (Fig. 2) . Therefore, salvage hepatectomy was proposed.
The tumor occupied most of segments V and VIII with small satellite nodules in segment VII requiring extended right hepatectomy. Volumetric assessment revealed a FLR contributed to 14% of the total liver volume (1955 ml).
Due to an inadequate FLR of segments I-IV, ALPPS procedure was proposed instead.
At the initial surgery, the right lobe was fully mobilized with the right portal vein ligated. The right hepatic artery, the right hepatic veins, and the middle hepatic veins were identified and preserved. Parenchymal transection was On day 1 postoperation, an arterial bleed from a branch of the right hepatic artery was embolized radiologically.
Acute elevation of liver function tests immediately following surgery was gradually improved during the interim period (Figs. 3-5) . CT scan at 10 days post-surgery showed that FLR was increased by 186 ml (274 ml vs. 460 ml; Despite significant radiological increase in the volume of the remnant liver postoperatively (Fig. 9) , the patient developed small-for-size syndrome. On day 5 postoperation, 
DISCUSSION
The ALPPS technique was first developed to manage patients with liver metastases with potentially small residual liver volume. 6 This highlights its potential use for liver resection on background of chronic liver disease.
The increase in FLR in our patient appeared to be comparable to that observed in patients without underlying liver disease.
1,5
The principle for augmenting FLR is to restrict blood inflow to the side of tumor burden and to maximize blood flow to the FLR, leading to increased liver volume with time. This is normally achieved by portal venous occlusion using either radiological embolization (PVE) or surgical ligation that allows for compensatory hypertrophy to reduce the risk of small-for-size syndrome. 9, 10 However, the time period between portal vein occlusion and achieving an adequate remnant liver volume is unpredictable. It can take up to 6 weeks to achieve a satisfactory volume with the risk of progression of borderline tumor. However some surgeons advocate that a long interval to surgery identifies cases with aggressive biology who will not benefit from resection. 6, 7, 11, 12 ALPPS was first described in 2012 11 as a way to expedite hypertrophy of future remnant liver from 4-6 weeks if using the "traditional" approach to 7-10 days. 6, 7, 12 The principal advantage of ALPPS is that it can reduce the interval for intervention with the aim to minimize the risk of disease progression. In addition, it allows for earlier assessment of the abdominal cavity and liver quality.
9,13
The pathophysiological mechanism of ALPPS in enhancing the hypertrophic effect remains unclear. In addition to disrupting the main portal vein collaterals between the two lobes, ALPPS also divides venous collaterals within the liver parenchyma. The hypothesis is that by redistributing the total portal blood flow to the FLR, liver growth is more rapid.
5
Liver regeneration in the context of chronic liver disease is less predictable. 10 Although PVE may produce sufficient liver regeneration, it appears to be less effective than normal liver. In addition, the increased compensatory arterial flow can encourage tumor progression. [14] [15] [16] It has been suggested that sequential TACE and PVE should be used to achieve better tumor control and drive contralateral hypertrophy as the mean volume change in chronic liver disease appears to be higher. [18] [19] [20] It may help predict FLR function.
Although ALPPS is being used to treat patients with liver diseases requiring major resection, it has a higher morbidity (35%) and mortality rate (16%) compared to conventional trisectionectomy with or without PVE. 3, 4, 14 A higher rate of morbidity should be expected regarding ALPPS. However, complications may reduce with increasing experience.
In the management of HCC on a background of chronic liver disease, data on the use of ALPPS to improve liver regeneration in comparison to radiological modalities such as TACE or PVE are currently very limited. Our case confirms that ALPPS is technically feasible to improve liver regeneration. 21 Further experience of using ALPPS in the management of HCC and cirrhosis needs to be collected to understand whether this technique can offer potential advantages for HCC patients with chronic liver disease.
